Benzodiazepine involvement in LTP of the GABA-ergic IPSC in rat hippocampal CA1 neurons.
Benzodiazepine binding sites are present on gamma-aminobutyric acid (GABA) receptors in hippocampal neurons. Diazepam is known to potentiate the amplitude and prolong the decay of GABA(A) receptor-mediated inhibitory postsynaptic currents (IPSCs). In this study, benzodiazepine involvement in long-term potentiation (LTP) of the IPSC was examined. Whole-cell recordings of IPSCs were made from rat hippocampal CA1 neurons in a slice preparation. LTP was induced by a tetanic stimulation in the stratum radiatum (2 trains of 100 Hz for 1 s, 20 s inter-train interval) while pharmacologically blocking ionotropic glutamate receptors. During LTP, the amplitude of the IPSCs was potentiated in the majority of neurons with the IPSC decay and shape unaffected. Diazepam (5 microM) potentiated the IPSC amplitude and prolonged the decay when applied before, but not during, LTP. In neurons in which LTP could not be induced by a tetanic stimulation, diazepam did not increase the amplitude of the pre-tetanic IPSC. Flumazenil, at a concentration (10 microM) that blocked the enhancement of the IPSC by applied diazepam, had no effect on the IPSC amplitude when applied before LTP induction but significantly decreased the IPSC when applied during LTP maintenance. The antagonist, when applied during the tetanic stimulation, did not block LTP, suggesting that benzodiazepine receptors do not participate in LTP induction. These results indicate that the maintenance of LTP of the IPSC involves (a) the release of endogenous benzodiazepine agonist(s) and/or (b) the participation of benzodiazepine binding sites on subsynaptic GABA(A) receptors.